The Thematic Issue is dedicated to different aspects of using the potential of the geologic subsurface as a resource for energy production (e.g., hydrothermal and petrothermal resources), energy storage as well as for safe deposition of energy waste, and energy conversion (e.g., as biochemical reactors to convert hydrogen and carbon dioxide into methane). Figure 1 shows an overview map of hydrothermal systems in China including a classification to high-, mid-and low-temperature reservoirs and basins (Kong et al. 2014) . Current research efforts concerning hydrothermal resources focus on the sustainable development of large-scale geothermal fields. Pang et al. (2012) designed a roadmap of geothermal energy development in China and reported the recent progress in geothermal research in China . Recently, Pang et al. (2015) presented a new classification of geothermal resources based on the type of heat source and followed by the mechanisms of heat transfer. The present Thematic Issue is focusing on petrothermal resources and particularly enhanced geothermal systems. Some of the basins indicated in Fig. 1 are also of interest for unconventional gas resources which is discussed in a separate Thematic Issue in Environmental Earth Sciences ).
Geothermal energy resources are considered to provide a significant contribution to renewable energy supply from both shallow and deep systems (Arola et al. 2014; Huenges et al. 2013; Kolditz et al. 2013; Scheck-Wenderoth et al. 2013) . Understanding the thermally induced coupled processes is important for reservoir operations (McDermott et al. 2006; Kolditz and Diersch 1993) . Breede et al. (2014) provide a systematic review of enhanced or engineered geothermal systems (EGS). Ramos et al. (2015) provide a systematic review of projects implemented worldwide and a methodology for screening geothermal projects. Geothermal shallow surface systems based on ground source heat pumps have already proved to be a feasible option for the heating and cooling of buildings. The present work studies the concept of using abandoned mines for geothermal heat recovery in various countries such as Germany, the Netherlands, Norway, Russia, Spain, UK and United States. De Filippis et al. (2015) are discussing the geothermal potential of the Salento peninsula in southern Italy. They propose a simple methodology for the assessment of low-enthalpy geothermal energy systems based on stochastic approaches. They found that coastal areas might lower potential due to saltwater intrusion problems. Hou et al. (2015b) enhanced geothermal system projects in Turkey, which is being implemented at the license area of SDS Energy Incorporation in Dikili of the İzmir province which has remarkable high thermal gradient of about 70°C/km. Extensive geological, paleoseismic, geophysical and geochemical studies, paleo-stress measurements as well as modeling of hydraulic fracturing and geothermal energy production have been conducted in this area within the scope of this project. Induced seismicity is one of the possible georisks of underground operations such as EGS (Schmittbuhl et al. 2014) . Luo et al. (2015b) investigate the Unterhaching geothermal site near Munich (Germany), where several micro-seismic events have been observed. One of the possible reasons for the observed micro-seismic events could be the reinjection of cold water into the hotter underground by stress redistribution and shear failures in the formations around and near the injection wellbore Uha GT-2. Geo-reservoirs can be also used for dampening effects of fossil energy by new technologies, e.g., the transition from carbon intensive fossils to low-carbon new energylike unconventional gas and non-carbon renewable energy resources via carbon capture utilization and storage (CCUS). Carbon utilization via CCUS has a large potential including chemical, biological and geological utilization options, like enhanced oil/gas/coalbed methane/geothermal recovery and carbon mineralization.
The topic of CO 2 storage (CCS) has been recently discussed in the Thematic Issue ''The CLEAN project in the context of CO 2 storage and enhanced gas recovery'' (Kuehn et al. 2012) where particularly studies from Germany, Korea, United States and Norway have been presented including benchmark and model comparison studies Kolditz et al. 2012; Park et al. 2012; Mukhopadhyay et al. 2012; Mykkeltvedt and Nordbotten 2012) . Beside of CCS Singh et al. 2014; Tian et al. 2014) , the Special Issue ''Underground storage of CO 2 and energy'' in the framework of the third Sino-German conference in May 2013 focused on comparison of CCS with CCUS (Harrison and Falcone 2014) , carbon geological utilization Ganzer et al. 2014; Gou et al. 2014; Pudlo et al. 2015; Shen et al. 2015) , and energy storage (Bérest et al. 2014; Zhang et al. 2014) . Bai et al. (2015a) investigate the storage of CO 2 in depleted oil and gas reservoirs, coal seams or saline aquifers. A special focus is set on research of the well integrity with Fig. 1 Hydrothermal system in China-a classification by high-and mid-low-temperature reservoirs and basis (Kong et al. 2014) topics such as chemical degradation of casing and cement materials. Liu et al. (2015b) are studying CO 2 sequestration in deep saline formations in low-medium-temperature geothermal reservoirs (Ordos Basin). The authors believe that a win-win situation can arise from combined CO 2 injection and hot brine extraction in a long-term assessment. Furthermore, the heat extraction efficiency might be higher for CO 2 -based than purely H 2 O-based systems. Bai et al. (2015b) assess the risk of abandoned wells affected by CO 2 storage operations. They investigate the long-term integrity of open and abandoned wells and review the combination of relevant geological and technical issues and develop a corresponding workflow for risk assessment. Liu et al. (2015c) present a preliminary site selection system for a CO 2 -AGES project. The authors provide an idea about a combined geothermal production-CO 2 sequestration introduced in Kuehn et al. (2012) . Moreover, they discuss a general evaluation procedure for a pure CO 2 sequestration project including a map for large CO 2 point sources and heat fluxes (ACCA21 2014). Xu et al. (2015) discuss the CO 2 -based geothermal systems as a way to achieve CO 2 resource utilization and geological sequestration. The study is related to the Songliao Basin in northeastern China. In this article, a classic idealized ''five-spot'' reservoir model coupled with wellbores is used for simulations and analyses . Xie et al. (2015a) study the carbonation of kaolinite cluster models with or without water on the atomic scale. Gas-solid interfacial phenomena play a significant role in the multiphase process in atmospheric chemistry. Mineral aerosols have desirable interfacial reactivity on the carbonation of kaolinite which may play an important role in carbon dioxide capture. Xie et al. (2015b) propose a novel method for carbonation and separation of calcium and magnesium ions based on membrane electrolysis from hard water in low voltage. By this way, CO 2 can be transformed into marketable pure magnesium carbonate and precipitated calcium carbonate. This method may open a new route for CO 2 mineralization by transforming hard water into high value-added industrial products with low energy consumption.
Rock salt and particularly salt caverns are considered to be a suitable medium for energy storage. The prediction and control of surface subsidence above storage caverns are the key issues that require steady attention to ensure their long-term safety and stable operation (Zhou et al. 2011 (Zhou et al. , 2013 Xing et al. 2015; Zhao et al. 2015; Hagemann et al. 2015) . Li et al. (2015) derive theoretical models for the volume convergence rates in spherical and cylindrical caverns, and thereby developing a new concept ''equivalent internal pressure'' that also considers cyclic internal pressure. Unlike the presence of thick domes and thick layers of rock salt deposits in Europe and the USA, rock salt in China is mainly composed of thin layers (80-300 m), characterized by a high content of water-insoluble impurities. Wang et al. (2015b) investigate the influence of water-insoluble content on the short-term strength of bedded rock salt, based on a series of combined laboratory tests including solubility, chemical analysis, uniaxial and triaxial compression tests, on bedded rock salt samples from different locations in China (Jiangsu, Henan and Yunnan Provinces). Ma et al. (2015) present an experimental study dealing with material properties of salt rock (from the Jianghan area) including a yield-dilatancyfailure model. This is important basic knowledge for energy storage purposes (e.g., underground gas storage) in salt caverns. Liu et al. (2015a) investigate creep properties of limestone in the presence of water as it might become a threat to safe operation of underground constructions because of the increasing hydraulic pressure in deep reservoirs. Water may migrate into rocks through fissures, cracks and damaging the rock as well as accelerating rock failure processes. Wu et al. (2015) address the scientific question how to describe creep processes in rocks and present an improved Maxwell creep model. Shi et al. (2015) [CAS Wuhan] study the influence of filling abandoned salt caverns with waste on land subsidence effects (Jingshen salt mine). Alkali waste with high pH values is problematic to the environment due to their solubility properties. The authors show based on laboratory and numerical experiments that volume convergence of salt caverns can be slowed down by refilling techniques. discuss the influence of added hydrogen on underground gas storage. They found that the existing infrastructure of the natural gas transportation pipeline network and underground gas storage (UGS) facilities in Germany provides an opportunity and huge capacity to feed, transport and store hydrogen and synthetic fuel gases containing hydrogen, produced from renewable sources. Zhang et al. (2015) investigate mechanical properties by a systematic characterization of the differences in acoustic emission (AE) characteristics among rock salt and other common rocks. In this study, the AE characteristics of the full-regime uniaxial compression of rock salt and common rocks such as granite and marble are determined. Rock salt cavities are important elements for energy storage and energy supply management.
Several papers of the Thematic Issue are dealing with more fundamental experimental and theoretical works, which are related to several aspects of subsurface energy systems. Jin et al. (2015) investigate the structure of coalrock mass in particular the network of fractures. The database comes from the Tashan Mine Datong (Shanxi Province) which is used for model validation. Guo et al. (2015) are presenting a fundamental study on generation and verification of three-dimensional network of fractured rock masses stochastic discontinuities based on digitalization. The conceptual model is based on the discrete fracture network (DFN) approach. This work is related to Beishan (Gansu Province). Teodoriu et al. (2015) discuss important technical details concerning cement slurry mixing energy in field and laboratory conditions for CCS. They found whether the mixing energy concept can be relied on to reconcile laboratory and field results. Luo et al. (2015a) provide a fundamental study on stability evaluation of the underground gas storage in rock salts based on new partitions of the surrounding rock. They found that more scientific studies (including the international expertise) are necessary to proceed with renewable energy topics (RET) particularly in China (Zhang 2005) . Results to date suggest that adequate reconciliation cannot be achieved using calculated mixing energies only, and the authors propose the use of shear rate instead. Xie et al. (2015) numerically investigate geometrical and hydraulic properties of single rock fractures during shear displacement. They consider fluid flow (solving Navier-Stokes equations) with shear displacement in a single fracture including roughness. Computational efficiency is still an issue for real-world application of numerical modeling .
Hydraulic fracturing is an important technology for accessing to unconventional energy resources. Several basic and applied studies are dedicated to better understand the consequences of applying those underground technologies including mechanical (Eshiet and Sheng 2014a, b) hydrological and ecotoxicological effects (Gordalla et al. 2013; Olsson et al. 2013; Riedl et al. 2013) . For safe and sustainable subsurface management, holistic concepts have to be developed and to be implemented including the legislation framework (Bauer et al. , 2013 Hammes et al. 2013; Kerschke and Schulz 2013) .
